RNA extracted from ovaries of adult Xenopue laevie and introduced into a wheat germ cell-free system, directs the synthesis of polypeptides co-electrophoresing with all five histones. By fractionation of total ovary RNA through Sephadex G-200 and polyacrylamide gel, RNA was isolated that is translated into histone 4 (H4) only. In addition, this RNA labelled in vitro with £'^ll hybridizes to a restriction fragment of cloned sea urchin DNA known to contain the H4 gene.
INTRODUCTION
The histone genes represent an interesting model system for the 1 2 analysis of gene regulation in development and differentiation ' . The isolation and amplification of these genes by molecular cloning has led to an advanced knowledge of their molecular structure in the case of sea urchins . The reiteration of the histone genes in Xenopus laevia (20 to 8 1 50) is much lower than in sea urchins (400 to 1000) . The search for the histone genes from this amphibian was undertaken for two main reasons:
first, Xenopue has been shown to be extremely useful as an experimental system for the study of developmental regulation mechanism, and secondly, 9-11 its histones and their synthesis are well documented Different approaches have been envisaged to obtain histone mRNA of high specific activity as a probe for the detection of the histone genes from Xenopue. The use of radioactively labelled RNA obtained after Q injection of Xenopue embryos enabled Jacob et dl. to establish the reiteration frequency of the histone genes in this species. We have attempted to isolate in tftuo-labelled histone mRNA from Xenopua culture cells; however, the specific activity as well as the purity of the messengers obtained in this way were not suitable for further use in the detection of the histone genes (Destr §e, unpublished results). Since by their experiments Adamson at a flow rate of 40 ml/h. Eight ml fractions were collected and the ^2fio determined. For the characterization of the RNA in a wheat germ cell-free system, the RNA from two consecutive fractions was precipitated with 2.5 vol. of 95Z ethanol in the presence of E. coli tRNA (15 yg/ml). When the RNA was to be further purified on polyacrylamide gels, appropriate fractions were pooled and precipitated with 2.5 vol. of 95Z ethanol in the presence of E. coli tRNA where necessary.
Polyacrylamide gel electrophoresis of RNA. The RNA samples collected 14 by centrifugation were dissolved in electrophoresis buffer containing 0.2Z sodium dodecyl sulphate (SDS) and 10Z glycerol. RNA (100 to 200 yg) was layered onto cylindrical 4Z polyacrylamide gels (0.7 x 11 cm) overlaid with a 2.4Z polyacrylamide spacer gel (1 cm long). Electrophoresis was carried out for 4 h at room temperature at 7 mA/gel. The gels were soaked overnight in 500 ml of distilled water at 4°C. After scanning at 260 nm, they were frozen on dry ice and cut into 0.5 mm slices. Four consecutive slices were combined, 2 ml of 0.6 M lithium acetate, pH 5.8, containing 0.2Z SDS were added and the RNA was eluted by shaking at room temperature for at least 24 h. The RNA in the eluates was precipitated at -20°C with 2.5 vol. of 95Z ethanol in the presence of carrier RNA: 10 yg/ml of E. coli tRNA when it was to be analyzed in the wheat germ cell-free system, or 10 yg/ml of poly(U) when it was to be iodinated. In the case of homologous hybridization, the incubation and subsequent processing of the nitrocellulose strips was essentially as described by
Schaffner et at. , except that 2 x SSC (SSC -0.015 M trisodium citrate, 0.15 M NaCl, pH 7.0) was used instead of 4 x SSC, that 100 ug/ml of proteinase K were included, and that the reaction was for 15 h at 65°C. For heterologous hybridization, the incubation mixture contained 4 x SSC, 0.2Z SDS, 1 mg/ml of E. coli tHNA, 100 yg/ml of proteinase K, 1 mg/ml of unlabelled poly(U) and 1 to 2 x 10 6 cpm/ml of the [ The strips were impregnated with 7Z PPO in diethylether and exposed 21 to a flash-activated X-ray film to locate the regions of hybridization.
Scans of the resulting fluorograms are presented.
RESULTS AND DISCUSSION
Fractionation of total ovary RNA by Sephadex G-200. When total RNA from Xenopue ovary is added to a wheat germ cell-free system, using [ HJlysine as a precursor, the most abundant polypeptides synthesized coelectrophorese with the five histone markers of Xenopua (results not shown).
Similar observations have been made by Ruderman and Pardue (personal communication).
In order to separate the mRNAs from the bulk of the RNA, filtration through Sephadex G-200 was performed. In these conditions, total ovary RNA separates into three ^26O P Separate experiments have shown that when total in vivo labelled P.
miliaria histone mRNA is filtered through Sephadex G-200 together with total ovary RNA from Xenopue, the radioactivity appears in a region of the column corresponding to fractions 70 to 110 of Fig. 1 (results not shown) .
Therefore, these fractions were challenged in a wheat germ cell-free system: two major peaks of incorporation appeared (Fig. 1) . Analysis of the products of translation in SDS-polyacrylamide gels indicates that virtually all the proteins synthesized in vitro co-electrophorese with in vivo labelled histones of XenopuB (Fig. 2) . The relatively low incorporation of label in The RNA from the pertinent fractions was tested for translation activity in the wheat germ cell-free system and the products made by the RNA contained in fractions 1 to 11 analyzed by SDS-polyacrylamide gel electrophoresis (see Fig. 2 ). A, B and C : RNA fractions pooled for further purification on polyacrylamide gels. ,A 260' into hot TCA precipitable material.
• , incorporation of origin 7 8 9 10 M 11 The products representing maximum activity in the translation system were analyzed on SDS-polyacrylamide gels (Fig. 4) . From this analysis it appears that the protein of peak II in all three cases co-migrates with marker H4. The activity of peak I, on the other hand, corresponds to two proteins that co-migrate with H3 and H2A or H2B.
Because in these conditions, the RNA with messenger activity for H4 (peak II of Fig. 4 ) could be easily separated out from the other histone mRNAs, it was iodinated and used in hybridization experiments.
-origin According to this map, four large fragments contain histone gene sequences, and this is illustrated in Fig. 5C by a hybridization experiment with polysomal ["TlJ-labelled RNA from P. miliarie. The fragment of 1.6 kb contains the H4 and H2B DNA sequences, and indeed, this is the only fragment to which the [ iJmRNA hybridizes (Fig. 5D ). That this hybridization is not due to the presence of H2B mRNA in the iodinated mRNA is clear from the results of the translation experiments (Fig. 4 ).
In conclusion, these results demonstrate that the mRNA coding for H4 
